Introduction
Temporal lobe epilepsy (TLE) is the most common form of partial epilepsy, accounting for more than 60-70% of focal epilepsies.
1,2 Among drug resistant partial epilepsies, TLE yields the best surgical outcome, especially when the ictal semiology is compatible with a temporo-mesial onset of seizures 3 and when high resolution Magnetic Resonance Imaging (MRI) shows lateralized hippocampal atrophy (HA) on the side of interictal and/or ictal EEG paroxysmal activity, as observed in approximately 65% of cases. 2, 4 Whereas most patients with TLE and HA can be operated without invasive EEG recordings, those with a normal MRI usually undergo presurgical intracranial EEG recordings to determine whether hippocampectomy is indicated. 5 Furthermore, the presence of a focal temporal lesion also represents a factor of good surgical outcome after temporal resection. 5 More rarely, an ictal semiology suggestive of mesial TLE is observed in patients with a large multilobar lesion. In this situation, surgery is often contraindicated because of the lesion size and/or suspicion of extended or multifocal epileptogenic areas. In this retrospective study we evaluated the surgical outcome of such patients in order to assess whether the Purpose: Mesio-temporal ictal semiology is sometimes observed in patients with large multilobar lesion. In this situation, surgery is often discarded because of the lesion size and/or suspicion of extended or multifocal epileptogenic areas. In this retrospective study we evaluated the surgical outcome of such patients in order to assess whether the electro-clinical presentation of seizures could be a prognostic marker of surgical outcome. Methods: Among the temporal lobe epilepsy population explored in our department between 2000 and 2011 (240 patients), we identified 7 patients who presented an extensive lesion on brain Magnetic Resonance Imaging (MRI) (multilobar in four, hemispheric in two, and bilateral in one). All patients underwent 18 Fluorodeoxyglucose Positron Emission Tomography, which showed large, hemispheric or multilobar, areas of glucose hypometabolism. Because of the large lesion size, all patients were explored by stereoelectroencephalography (SEEG) before taking a decision regarding surgical indication. Results: SEEG confirmed the temporal origin of the seizures and discarded the possibility of multiple epileptogenic zones. A temporal lobectomy, tailored on the basis of SEEG data, was proposed to the seven patients. The seven patients are classified Engel class I after the surgery (mean follow-up: 37.4 AE 22.1 months). Conclusion: Our data thus suggest that, even in the absence of hippocampal MRI abnormality, ictal symptoms compatible with a temporal origin of seizures should be considered as a reliable indicator for surgery eligibility regardless of MRI lesion size. On the basis of our findings, the mesio-temporal semiology of seizures appears as one of the most reliable markers of operability in patients with large MRI lesions. These patients should not be excluded a priori from invasive exploration and surgical treatment, even if a large portion of their lesion is likely to be left in place after surgery.
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electro-clinical presentation of seizures could be a reliable prognostic marker of favorable surgical outcome. Of the 240 consecutive patients referred to our department for TLE surgery, only seven presented with multilobar MRI lesions. All of them underwent invasive stereo-EEG (SEEG) recordings of seizures before surgery, which confirmed the focal temporal origin of seizures in spite of the large lesion size and proved useful to delineate the extent of the optimal cortical resection.
Patients and methods

Inclusion criteria
Between 2000 and 2011, 240 patients with refractory TLE were investigated in our department. 152 patients were operated, 86 without SEEG and 66 after SEEG. Among these 240 TLE patients, seven presented an extensive lesion on MRI, either multilobar, hemispheric or bilateral. Because of the large lesion size, these seven patients were explored by depth electrodes before taking a decision regarding surgical indication.
Exclusion criteria
We did not include in this study four patients with multilobar lesions who underwent SEEG exploration during the same period but were not operated. In all of them the seizures were not suspected to originate in the temporal region on the basis of ictal scalp EEG recordings and SEEG showed multiple epileptogenic zones.
Cohort of patients
The seven patients included in this study, three women and four men, were aged 33.4 AE 6.1 years (mean AE standard deviation), the mean duration of their epilepsy was 22.0 AE 10.1 years (range: 8-37 years) ( Table 1) . None of the patients had a history of febrile seizures in childhood. All patients underwent presurgical non-invasive investigation, including continuous video-EEG recordings, MRI and 18 Fluorodeoxyglucose Positron Emission Tomography (FDG-PET).
(i) Neuroimaging data ( Fig. 1 ): MRI identified either multilobar (n = 4), hemispheric (n = 2) or bilateral (n = 1) lesions including two malformations of cortical development (heterotopia and polymicrogyria), two hemispheric atrophies and three multilobar atrophic scars, of which one was bilateral. Three of these lesions included the hippocampus, mostly its posterior part. All patients underwent FDG-PET, which showed large, hemispheric or multilobar, areas of glucose hypometabolism. (ii) Video-EEG data ( Table 2) : Spontaneous seizures were recorded in all patients during video scalp EEG monitoring.
Temporal lobe seizures were observed in all patients. The ictal symptoms were stereotyped, including epigastric or psychic aura, oroalimentary and gestual automatisms, dystonic posturing of the contralateral arm, vegetative symptoms and/ or dreamy state and were thus highly suggestive of a focal seizure onset zone located in the temporal lobe. No ictal features in favor of extra-temporal seizure onset were observed. The clinical semiology was associated with a focal discharge located in the temporal region on scalp-EEG recordings.
Electrodes implantation and SEEG recordings
In all patients, data from non-invasive pre-surgical investigations were considered insufficient for localizing reliably the EZ because of the large extent of the MRI cortical lesion and of the PET glucose hypometabolism. In our department such invasive explorations are carried out using stereoelectroencephalography (SEEG), according to the method first developed by Talairach and Bancaud. 6 The SEEG method, as described in detail in previous publications, consists of stereotactic implantation of depth electrodes in the brain to localize the seizure onset zone and the pathways of seizure propagation. 7, 8 The cortical targets for electrode implantation were determined on the basis of data from the non-invasive presurgical evaluation including: (i) the lesion area as assessed by MRI and (ii) the temporal lobe, EZ suspected as assessed by electro-clinical analysis of video-EEG recorded seizures. The pertinent targets were identified on 3D-MRI and trajectories of electrodes tracts adapted to vascular constraints using co-registered digitized angiography. Electrodes were implanted perpendicular to the midline vertical plane with the patient's head fixed in the Talairach stereotactic frame. Each electrode consists of 5-15 cylindrical 5 mm 2 platinumiridium contacts at 1.5 mm interval along a polymer shaft (MicroDeep, DIXI Medical, France). The exact position of each electrode was verified by fusing post-implantation frontal radiography with the corresponding pre-operative coronal MRI section or by obtaining a post-implantation MRI. The electrodes were left in place up to 14 days until sufficient information was obtained, including the recording of at least three typical seizures. Bipolar cortical stimulations were carried out to map the eloquent areas and to evaluate the epileptic threshold in the epileptogenic cortex. Anti-epileptic medication was progressively tapered during the SEEG monitoring. The EZ was defined as the cortical areas showing either a low amplitude fast pattern or a spike-wave discharge at the onset of seizures. In agreement with French regulations relative to invasive investigations with a direct individual benefit, patients were fully informed about electrode implantation, SEEG recordings and cortical stimulation procedures, and gave their consent. 
SEEG data
In all patients, SEEG confirmed the temporal origin of the seizures and also brought useful complementary information regarding: (i) the seizure onset area that was spatially restricted and identical for all seizures recorded in the same patient thus discarding the possibility of multiple epileptogenic zones located inside, around or at distance of the lesion; (ii) the precise localization of the EZ that involved mesial and anterior temporal structures in all patients, except one in whom the hippocampus was spared at seizure onset; in two patients, the EZ also extended to the temporo-basal region; (iii) the seizure propagation that was limited to a restricted lesional area and occurred with a delay of several seconds after seizure onset. These data are illustrated in Figs. 2 and 3. 
Surgery
A temporal lobectomy, tailored on the basis of SEEG data, was proposed to the seven patients: a conventional anterior temporal lobectomy was performed in four patients; the temporal resection included an extended temporo-basal cortectomy in two patients; in the remaining patient, the hippocampus was spared because of late propagation of the seizure discharge to this structure. No neurological or cognitive impairment occurred after surgery.
Histopathological findings
Histopathological data are available in six of the seven patients. Heterotopia was confirmed by histopathological analysis in one case. Histological analysis of the temporal pole and hippocampus showed non-specific anomalies (such as gliosis, edema, and inflammatory vessels) in three patients and hippocampal sclerosis in two of the three patients in whom MRI had shown an abnormal hippocampus.
Follow-up
Seven patients are classified Engel class I after the surgery, Ia in six cases and Ib in one, with a mean follow-up of 37.4 AE 22.1 months (range: 6-77 months). Anti-epileptic drugs treatment was left unchanged during the first year following the surgery, and either tapered or left unchanged subsequently.
Discussion
Patients with drug-resistant epilepsy and large multilobar cerebral lesions are often not considered as surgical candidates, and therefore not referred for pre-surgical evaluation. The majority of those who are included in a presurgical assessment program are not explored by SEEG after scalp recording of their seizures, mostly because they present with multifocal or extended epileptogenic zones. Thus, during the 2000-2011 period only 11 (7 + 4) patients of the 44 with large cortical lesions who underwent ictal scalp video-EEG in our unit were selected for further invasive exploration by SEEG. This series suggests that a subset of these patients in whom the ictal semiology suggests temporal lobe seizures may, in fact, be good candidates for surgical treatment of their epilepsy. The assumption that temporal ictal semiology could be a good indicator to select candidates to surgical treatment in spite of a large multilobar MRI lesion was confirmed in our series by ictal SEEG recordings, which showed a single and focal seizure onset zone in the temporal lobe ipsilateral to the lesion. All these patients were operated with a good postoperative outcome. Our data thus suggest that, even in the absence of hippocampal atrophy, ictal symptoms compatible with a temporal origin of seizures should be considered as a reliable indicator for surgery eligibility whatever the size or location of the MRI lesion. In all of our patients, the clinical symptoms at seizure onset, including dreamy state, epigastric aura, early oral automatisms, fear sensation and vegetative signs, were suggestive of a primary involvement of mesial temporal structures. This clinical hypothesis was also supported by surface EEG interictal paroxysms and ictal patterns, focalized in anterior and middle temporal regions. Contrasting with this electro-clinical presentation of mesiotemporal epilepsy, the MRI lesion was large and multilobar and hippocampal volume asymmetry was found in only three of the seven patients. Ictal symptoms suggestive of temporo-mesial seizures are not systematically associated with hippocampal atrophy and can be observed as well in patients with tumors, malformations of cortical development or normal brain MRI. 3, 5, 9 However, in spite of clinical and EEG arguments pointing to a probable mesio-temporal onset of seizures, the decision and extent of surgical resection can be questioned in the absence of invasive recordings, especially when the MRI lesion and FDG-PET hypometabolism extend outside the temporal lobe. None of our patients underwent ictal SPECT which might have pointed to a mesiotemporal origin of seizures.
In our patients, invasive SEEG proved helpful to confirm that the EZ was restricted to a limited area of the temporal lobe without involving the entire lesion and permitted to propose a tailored temporal resection. Among available invasive presurgical procedures, SEEG permits the recording of both superficial and deep structures in lesional, perilesional and non-lesional tissues. The strategy for choosing SEEG targets in patients with large cortical lesions aims at recording the regions likely to be involved in seizures on the basis of clinical and scalp-EEG data, but also at assessing the involvement of lesional and perilesional areas in the generation of seizures. In our patients with temporal lobe seizures, the SEEG investigation explored temporo-mesial structures (i.e. hippocampus, amygdala, entorhinal cortex, and temporal pole) as well as lesional and perilesional sites in the posterior temporal, parietal or occipital regions. SEEG recordings showed firstly that the EZ was much more restricted than the MRI or PET lesion area, and secondly that the EZ location was consistent with the hypothesis drawn from analysis of ictal symptoms and scalp video-EEG data. SEEG thus permitted to propose a limited temporal resection for these seven patients.
In our series, two groups of patients can be distinguished; those (n = 4) without hippocampal lesion for whom SEEG permitted to delineate the EZ and to propose a tailored cortectomy in three (including temporo-basal region in two, and sparing hippocampus in one) and a standard anterior temporal lobectomy in one; and those (n = 3) who presented an extensive lesion involving the hippocampus on MRI, for whom the SEEG confirmed the hippocampal origin of seizures thus allowing a standard anterior temporal lobectomy in all of them. This latter group poses the question whether conventional temporal lobectomy could be carried out without prior invasive recordings of seizures when seizure semiology is clearly mesio-temporal, regardless of lesion size, on the condition that the causal lesion affects the hippocampus. Our series is obviously not large enough to conclude on that point.
Published data on the surgical outcome in patients suffering from refractory epilepsies and presenting with large multilobar lesions on MRI are scarce because it is generally accepted that such patients are not eligible for epilepsy surgery. Controversial results have been reported regarding the impact of complete or incomplete lesionectomy on seizure outcome. 10, 11 Generally, incomplete resections are justified by the imperative to preserve eloquent cortex. 12 In our patients the extent of the cortical resection, as guided by SEEG, was not only determined 'negatively' by excluding eloquent cortical areas, but also 'positively' by including only the limited portion of the lesion where the epileptogenic zone was localized. By this method, the EZ resection was likely to be complete despite only partial removal of the lesion in all patients, as confirmed by the favorable surgical outcome. When possible, the complete resection of the lesion is associated with a significantly better seizure outcome, in particular in focal cortical dysplasia or in polymicrogyria. [13] [14] [15] However a recent paper reported very interesting results in patients with infrasylvian polymicrogyria explored in SEEG, and emphasizes that in case of extensive or bilateral polymicrogyria a limited and tailored resection may lead to a significant improvement or recovery. 16 In the pediatric study of Perry, 45% of the patients with incomplete resection of a MRI lesion were seizure-free, suggesting that surgery should not be rejected even if lesion resection has no chance to be complete. 12 Furthermore, studies suggesting that completeness of lesion resection is a predictor of good surgical outcome, 12, 14, 17, 18 also show that incomplete resection of an extensive lesion can provide a good outcome in some cases, underpinning the importance of not depriving systematically these patients from surgery, and the necessity to identify selection criteria for good surgical candidates.
Conclusion
On the basis of our findings, a mesio-temporal semiology of seizures appears as one of the most reliable markers of operability in patients with large MRI lesions. These patients should therefore not be excluded a priori from invasive exploration and surgical treatment, even if a large portion of their lesion is likely to be left in place after surgery.
